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A NOTE ON HIGH FREQUENCY CURRENT DENSITY 
IN A HOLLOW CYLINDRICAL CONDUCTOR. 

By 

Santi Ram Mukherjee. 

Engineering College, Banaras Hindu University. 

Received on April 2, 1948. 

Hollow cylindrical conductors have lately gained very wide 
application in Radio Engineering. Due to their non-radiating pro- 
perties, they are conveniently used in connection with ultra-short and 
micro-wave transmission lines, wave-guides, etc., particularly for radar 
and television purposes. It is often found necessary to know the 
current density along the radius of such a conductor, specially to 
detect the formation of stationary waves along the cross-section ot the 
tube The current-density for steady sinusoidal current (1) can be cal- 
culated by Bessel functions, and in the present communication, the 
solution has been obtained .for varying high frequency current follow- 
ing through the conductor. For the purpose of relaxed oscillations 
a solution has also been obtained for linear variation of current wi 

time. 

If u be the permeability, ? the resistivity of the material of the 
cylindrical conductor, the value of current density g at any radius r 
can be obtained from the differential-equation, 

+ = 0 (1) 
r 3r p 3 t 


48 - 3-1 
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For steady sinuisoidal high frequency current, it may be assumed 


that 


^L=j<x> g, where co.is the pulsatance 
dt 


of the current. Then the 


solution of (1 ) is given by 

g = {A I 0 (Wj) +BK 0 (kr\Fi)} (cos atxj sin a>i) ... (2) 

Where I 0 and K 0 represent ter-bei ane ker-kei functions respec- 
tively. 

In case the high frequency current is varying, the solution of 
equation (1) may be obtained as shown below. 

Let g = g x g* where g ± =/ x (r) and g, =/ a (t) , 


Then from (1). & (§J-+ J d -f)~A gj < | - 0. where A , . 


4-7T[X 

p 


or 


1_ I d 2 g x ^ 1 £^i\ " 1“62 _ Q 

g^dr 2 r dr) 


Adh : 

1 a dt ' 


This is satisfied if we write. 

ASi + }J &l _y _ o and _ 1 

<fr 2 + r Jr 2 5l_U nd dt “ 


Now 


■4 

^ a .?i , 1 


H- 

f/r 2 r dr 


g 2 , A: being an arbitrary constant. 
%r-0. ... (3) 


Will give rise to / 0 and /. fl functions. 

From ^f = ^ 2= (~ a +>)& where j=-cc+j6 ... (4) 

We get = c x e~ 4 (cos ^ +j sin at) ... (5) 

The value of g can thus be calculated from (3) and (5). It may 
be observed that in particular, by putting oc = 0 in (4), we obtain the 
case of steady sinusoidal high frequency current already solved. 

For linear variation of current density with time, let ^ = ^ x + g 2 
where ~g ± is a function of r only and g 2 a function of t only. 

Substituting this value of g in (1 ) we get • 

,, d} 2 
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This is possible when 
Mgi [ 1 dgj 
dr 2 r dr 


= 4 L 


• (?) , k x being an arbitrary constant 

dgq 4 k-, 


an d ^ = 
dt A x 


—• 4 k x 

°*g= f t + C 3 


(8). c 3 being an arbitrary constant. 


From (7) r 'gf + §-« 1 


or r = 2i, r 2 +c 2 , 


. r 2 being an arbitrary const. 


or-jl = 2k x r+ — 
dr 1 r 


or £x~ k x r 2 + c 2 log r . ... (9) 

Thus combining (8) and (9) we get 

_ 4fr : 

g = Jh +£2 = K r2 + lAc^ log r+c 3% 

Fuller discussion of the problem will be given in later publication. 
The author has pleasure to record his grateful thanks to Dr. S. S. 
Banerjee for suggesting the above problem and helpful discussions. 

Reference . 

(1) A. G. Warren, “ Mathematics Applied to Electrical Engineering ” p. 243. 
(Chapman and Hall Limited, 1939). 



PREPARATION AND STUDY OF THORIUM BORATE 

JELLIES 

By 

S. P. Mushran M.Sc., D. Phil. 

(Chemical Laboratory, The University, Allahabad) 

. Received on August 12, 1948 

ABSTRACT 

(1) Thorium borate jellies have been prepared and studied. The jellies were 
obtained by the slow coagulation of a purified sol of thorium borate having the 
composition 4Th0 2 . Th 3 (B0 3 ) 4 , obtained by dispersing freshly precipitated thorium 
borate in excess thorium nitrate, by electrolytes like potassium chloride and potassium 
sulphate. 

(2) The sol-gel transformation of thorium borate has been investigated. It 
has been shown that the time of gelation 9 is related to the concentration e c 5 of the 
coagulating electrolyte as log ,S=log R~\-P log c where R and P are constants and 
5=1/0. 

(3) The influence of temperature on the time of setting of the jellies has been 
studied. It is observed that the jellies set more readily at higher temperatures than 
at low. The jellies are not formed above 50°C. 

(4) The jellies are thixotropic in nature. The study of their thixotropic 
behaviour shows that the original time of setting of the jellies is always greater than 
the thixotropic time of setting. On repeated shakes the jellies loose their property 
of developing hydration and ultimately break up. 

(5) The influence of 20% glucose and glycerine on the time of setting of the 

jellies has been investigated. It has been observed that glucose and glycerine exer 
markedly peptising influence on thorium borate sol and in their presence the original 
time of setting is increased. * 

(6) It has been shown that the minimum amount of electrolyte necessary to- 
give a jelly of the sol of thorium borate is always greater than that required to 
coagulate it. The gelation and the coagulation points of thorium borate sol are 
thus two distinct points. 

In some of the previous publications from these laboratories 1 
the conditions of formation of thorium phosphate, arsenate, molybdate 
and tungstate jellies have been described. No attempt appears to 
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have been made to prepare the jellies of thorium borate. Berzelius 2 
reported that boric acid precipitates white flocculent thorium borate 
when added to a solution of a salt of that element. Guertler 3 could 
not prepare thorium borate by fusing thoria with boric oxide cn 
account of the very sparing solubility of the thoria. Karl 4 has discussed 
the composition of the amorphous white precipitate obtained by treat- 
ing an aqueous solution of thorium nitrate with a hot solution of borax 
and showed that the composition corresponded to thorium orthoborate, 
Th 3 (B0 3 ) 4 . It has been now observed that the white precipitate of 
thorium borate obtained on adding a hot concentrated solution to 
thorium nitrate solution, can be made to dissolve, on vigorous shaking 
in presence of an excess of the latter. In this way a considerable 
amount of thorium borate can be made to disperse in thorium nitrate. 
If this mixture be dialysed until nearly free from all electrolytes, a 
clear colourless sol of thorium borate is obtained which can be shown 
to be positively charged by the cataphoretic method. It is easily coagu- 
lated with electrolytes like potassium .chloride and potassium sulphate 
and when suitable concentrations of the coagulating electrolytes are 
used the sol sets to beautiful transparent jellies. In a note Mushran 5 
has briefly described the conditions of preparation of this hydrogel and 
in this paper the details of the preparation and various properties of 
the gel have been investigated. 

Experimental 

A sol of thorium borate was prepared allowing a hot 20 percent 
solution of borax to run slowly into 75 c.c. of 1.0 percent thorium 
nitrate solution until the precipitate of thorium borate scarcely dis- 
solved in thorium nitrate on vigorous shaking. The mixture was 
purified by dialysis, for eight days, at room temperature (30°G). 

Composition of the Sol 

The amount of thorium in a known volume of the sol was esti- 
mated by the use of the reagent cupferron. . (Baudisch, Chem. Ztg., 
33,1298 (1909).) The amount of borate in the combined state with 
thorium was found by coagulating a known amount of the sol catapho- 
retically, the coagulum was collected and washed and estimated for 
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boric acid by the usual method (Clowes and Coleman 1938 page 418). 
The combined thorium corresponding to this amount of borate was 
calculated on the assumption that the thorium borate is Th 3 (B 0 3 ) 4 . 
The rest of the thorium is present as hydrated thorium oxide. From 
the ratio of the free to the combined thorium, the empirical formula 
of the sol was calculated. An analysis is presented in Table I. 

Table I 

Per litre: 

Total Thorium (Th) ... ... 18.0200 g 

Combined Borate (BO s ) ... ... 2.6054 

Combined Thorium (Th) ... ... 7*7112 

Free Thorium (Th) ... ... 10.3088 

Empirical Formula ... ... 4Th0 3 .Th 3 (BO 3 ) 4 

When this sol was coagulated withNKCl and N/5 K 3 S0 4 it 
gave beautiful transparent jellies. The influence of the variation of 
the concentration of the coagulating electrolyte on the time of the 
setting of the gel is shown in Table II. 

Table II 

Amount of sol taken = 2 c.c. Total volume = 3 c.c. Temp = 30°C 


Amount of N KC1 

Time of setting 

(c.c.) 

(mins) 

TOO 

4 

0-80 

8 

0-60 

12 

0-40 

20 

0-20 

52 


Amount of N/5 K 2 S0 4 
(c.c.) 

0-28 

0-26 


Time of setting 
(mins) 

2 

4 
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0-24 

7 

0-22 

10 

0-20 

15 

0-18 

20 


In fluence of Temperature 

The influence of temperature on the time of setting of the jellies 
has been investigated. The results are recorded in Table III. 

Table III 

Volume of sol = 2 c.c Total volume = 3 c.c. 


Time of setting (mins) 


N KG1 

25° 

o 

O 

CO 

o 

O 

50° 

CD 

O 

o 

(c.c.) 





TOO 

7 

4 

3 

1 

No Jelly 

0-80 

10 

8 

5 

3 

5 5 

0-60 

16 

12 

7 

4 

55 

0-40 

24 

20 

15 

7 

55 

0-20 

65 

52 

42 

26 

55 

N/5 K 2 S0 4 
(c.c.) 






0-28 

5 

2 

Instantaneous Loose 

No Jelly 

0-26 

8 

4 


Jelly 




5 5 

55 

55 

0-24 

9 

7 

4 

1 

55 ' 

0-22 . 

12 

10 

7 

4 

55 

0*20 

17 

15 

12 

6 

55 

0T8 

- 23 

20 

16 

- 10 

55 
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It flume e of Glucose and Glycerine 

The influence of glucose and glycerine on the time of setting of 
the jellies have also been investigated. The resultsare tabulated in 
Table IV. 


Table IV 

Influence of Glucose 20% 


Volume of sol 

= 2 c.c. Total volume = 3 c.c. 

Temp = 30°C 

Glucose 20% 

Time of setting (mins) 


(c.c. ) 

0-20 c.c. NKC1 048 

c.c. N/5 K 2 S0 4 

o-o 

52 

20 

0*2 

60 

25 

0-4 

70 

32 

0-6 

82. 

43 

0-8 

104 

56 


Influence of Glycerine 



Volume of sol = 2 c. c. Total volume = 3 c. c. Temp=30°C 


Glycerine 

Time of setting (mins) 

(c.c.) 

0-20c.c. N KC1 

048 c.c. N/5 K 2 S0 4 

00 

•- 52 

20 

0-2 

58 

23 

04 

65 

29 

0'6 1 

76 

41 

0'8 

91 

54 


Thixotropic Behaviour 

It has been observed that on vigorous shaking the jellies assume 
a liquid form, and the viscous liquid so obtained again sets to a jelly 
on standing and the process could be repeated several times. The 
jellies are therefore thixotropic in nature. The thixotropic, .behaviour 

A 48-3-2 
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of the jellies has been investigated. The set jelly was vigorously 
shaken for about one minute to ensure complete transformation to the 
sol form, and the time it took to set again was noted. The results are 
tabulated in Table V. 

Table V 

Volume of sol = 2 c.c. Total volume = 3 c.c. Temp = 30°C 


Time of setting (mins) 

0'20 c.c. N KG1 018 c.c. N/5 K 2 SQ 4 


Original setting 

52 

20 

After 1 st shake 

34 

16 

» 2 nd „ 

25 

14 

35 3rd 33 

20 

6 

3 3 4 th 3 3 

12 

2 

33 5th 33 

5 

Breaks 

33 6th 33 

Breaks 

Breaks 

Relation between the Coagulation and the Gelation Points 

The relation between the coagulation and the gelation points of 

the positively charged thorium borate sol has 

also been investigated. 

Different amount of sols were mixed with 0‘20c.c. N KC1 and 018 

c.c. JV K 2 S0 4 solutions, the total volume was 

kept 3 c.c. in each case, 

and the minimum amounts of electrolytes necessary to coagulate the 

sol and to give the jelly 

in 30 minutes were recorded. The results are 

tabulated in Table VI. 

Table VI 



Electrolyte: N KG1 


Volume of sol 

Gelation Point 

Coagulation Point 

(c.c.) 

(c.c.) 

(c.c.) 

i-o 

018 

010 

15 

0'24 

014 

2-0 

0'30 

018 

2‘5 

0‘38 

0’25 
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Electrolyte: N/5 K 2 S0 4 


l-o 

0-06 

0*04 

1-5 

1T2 

007 

2-0 

0*16 

010 

2-6 

0*21 

0*15 


Discussion 

According to Karl (loc. cit.) when a hot concentrated solution 
of borax is added to thorium nitrate solution a white precipitate of 
thorium orthoborate is obtained according to the following equation: 

m{m 9 )t+N*J&JB,+5H t 0-Th t {p0&+W2j{0 9 +\QHN0 9 

The insoluble thorium borate in presence of an excess of thorium 
nitrate gets peptised by the adsorption of thorium, hydrogen and other 
positively charged ions and a positively charged sol of thorium borate is 
obtained. The sol investigated in this paper has the composition 
477 z0 2 . Th z (A0 3 ) 4 , showing that it contains an appreciable amount 
of thorium borate. If this sol without dialysis is coagulated with 
strong concentrations of coagulating electrolytes like potassium chloride 
or potassium sulphate, the coagulum obtained is a white opaque 
heavy mass which on allowing to stand settles down as a precipitate. 
However if the sol is purified by dialysis for a few days and then 
coagulated by KC 1 or KfSO^ the coagulum obtained is gelatinous and 
with suitable concentrations of the coagulating electrolytes gives rise 
to clear, transparent and stable jellies. 

In a paper Dube and Prakash 6 have studied the influence of the 
concentration of various coagulating electrolytes on the time of setting of 
various inorganic jellies. According to them the time of setting 0 is re- 
lated to the concentration ‘c’ of the electrolyte as log S — log R+P 
log c where R and P are constants and S = 1 /6 . It is evident that if the 
kinetics of the sol-gel transformation of thorium borate is represented 
by the above expression a straight line should be obtained on plotting 
the logarithm of concentration against the logarithm of the inverse 
of the time of setting of the gels. On plotting log S against log c from 
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the results recorded in Table I it is observed that straight lines are 
obtained. The results in general therefore follow the expression given 
by Dube and Prakash. 

The influence of temperature on the time of setting of thorium 
borate jellies has been investigated. A perusal of Table III shows that 
the jellies set more readily at higher temperatures than at low. The 
jellies are not formed above 50°. In a paper Prakash and Dhar 7 have 
studied the influence of temperature on the coagulation of several sols 
and have shown that smaller quantities of electrolytes are required to 
coagulate at 60° than the amounts required for coagulation at 30°. On 
the basis of the above it is highly probable that as the temperature 
is raised the rate of coagulation and consequently the hydration of 
thorium borate sol is more, rapidly developed and the jellies are moie 
readily obtained. Also at higher temperatures thorium borate is 
partly hydrolysed to thorium hydroxide which has a gteat tendency 
to develop hydration and hence the setting time decreases with the 
increase of temperature. 

In table IV are recorded the results of the influence of 20% 
glucose and glycerine on the time of setting of thorium borate jellies. 
It is easily seen that the time of setting is markedly increased by the 
addition of these substances to the gel forming mixtures. It is well 
known that glucose and glycerir e are strong peptising agents and it is 
'highly probable that in their presence thorium borate is further 
peptised and thus the the time of setting is greatly increased. 

The thixotropic behaviour of thorium molybdate, phosphate and 
arsenate jellies have been investigated in a paper by Prakash and 
Biswas 8 . The thorium borate jellies investigated in this paper are 
also thixotropic and a perusal of Table V will show that the original 
time of setting of the jellies are much greater than the thixotropic 
time of setting. On shaking the structurally imbibed liquid of the 
jelly is set free forming a dispersion medium for the jelly forming 
elements and the jellies are transformed into the sol state. On stand- 
ing the structure is again developed and the gel is again formed. On 
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repeated shakes the jelly looses its property of developing hydration 
and ultimately breaks up. 

An attempt has also been made to investigate the relation bet- 
ween the coagulation and gelation points of the jelly forming thorium 
borate sol. From the results recorded in Table VI it is evident that 
more of the electrolytes are necessary to give the jelly of the sol in 30 
minutes than to coagulate it.. The results are in confirmity with those 
obtained by Gessner 9 , Bhatia and Ghosh 10 and Prakash 11 for various 
jelly forming sols. It appears that there is always a fixed amount of 
electrolyte necessary to give a stable jelly in a definite time. Any 
amount lesser than this leads to coagulation without allowing the 
coagulated particles to develop hydration and any amount greater than 
this gives a gelatinous precipitate. 

My thanks are due to Dr.Satya Prakash for his very kind interest 
in this work. 
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INTENSITY VARIATIONS OF RADIO SIGNALS AND THEIR 
BEARING ON DIVERSITY RECEPTION 

By 

Ram Neti Singh M. Sc. 

University Research Scholar 
Engineering College, Banaras Hindu University. 

(Communicated by Professor A. C. Banerji, F. N. I. T. N.A. Sc.,) 

24th August 1948. 

1. Introduction. 

Appleton and Barnett (1) showed the existence of ionized layer 
in the upper atmosphere by their experiments on fading of radio 
signals as early as in 1925. Since then various investigators (2-5) 
became interested with the study of signal intensity received at a 
distance from the transmitter, particularly for the purpose cf inves- 
tigating the conditions of the ionosphere suitable for establishment 
of radio communications between two stations. 

In these experiments medium waves were generally employed 
and observations were taken mostly in the presence of ground wave. 
In case of short waves, however, the fading of signals has been recorded 
outside the reach of ground wave, and the nature of variations of 
intensity of the received signal has been found to be rather irregular. 
Such variations have been attributed to random scattering of signal 
from diffracting centres in the ionosphere by Ratcliffe and Pawsey (3). 
Observations on short wave signals had shown that variations of 
intensity were often very quick and sometimes possessing periodic 
characteristics. Satisfactory explanations for various types of fading 
observed, particularly for short distance transmissions however, appear 
to be still very inadequate. 

For reasons stated above it was considered useful to make some 
detailed investigations of the fading of short wave signals and a few 
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preliminary reports on such observations have already been published 
from this laboratory (6,7). The present. communication is intended 
to exhibit the occurrence of various types of fading observed for 
short wave transmissions on wavelengths of 19 to 41 -metre-bands 
from Delhi and also from foreign and other Indian stations. In order 
to study the finer details of the intensity variations of received signals, 
continuous records of the observations were made on much extended 
time scale. The various types of fading have been conveniently 
divided into three main groups according to their mode of forma- 
• tion, namely, 

(1) Random variation of peaky type, 

(2) Slow and comparatively regular or quasi-periodic 
variations, and 

(3) Regular variations of periodic nature. 

The various types of fading have been accounted for by the 
different conditions of the ionosphere at the time of observations. 
It has been further shown that such experimental investigations on 
fading of signals are useful for the development and understanding 
of the principle of diversity reception of radio signals. Theoretical 
considerations and experimental observations show that it is possible 
to' minimize the fading of received signals from a distant transmitter 
by space-diversity reception with vertically spaced aerials situated 
at a much -smaller distance between them compared to the distance 
required in case of horizontally spaced aerials usually used for such 
■ reception. 

2. Theoretical Considerations 

It is generally assumed that the variations of intensities of radio 
signals at a distance from the transmitter are of random nature. Some 
investigators (5), however, have reported that this assumption does not 
hold good on many occasions particularly when the receiver is at a 
large distance from the transmitter. This inconsistency between the 
observed and the theoretically assumed variations indicates that 
daring the period of obseryatons there must have been occasions 
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when the variation of the intensity of signal was less random.. or it 
acquired some characteristic of periodic nature. : - - .-"u- 

For the above considerations the observations were recorded 
on a much' extended time scale as stated before and all the three 
types of fading mentioned .in the previous section were obtained. 
These types of fading have been found to continue sometimes, for a 
fairly longtime, and also the patterns of fading have' been observed 
changing with time. ■ . ■ [ § 

I . F. -,r 

The various types of fading and their change may be attributed 
to single, double or multiple spot reflections at the ionosphere. For 
example, the peaky random type of fading will be observed when there 
is only one spot reflection from the ionosphere with no other reflection 
either from the same or any other layer. Second type of fading namely 
quasiperiodic or slow random, is due to more than one spot reflection 
either from one layer or from two different layers in the ionosphere. 
Evidently in such cases the resultant intensity of the received signal 
at any moment will depend on the vector sum of the independent 
components arriving from different spots of the ionosphere. Thus at 
an instant when the strength of the signal due to one component 
tends to increase, the other component may tend to decrease and 
thereby the resultant intensity may remain comparatively constant. 
This reduces the peaky nature of the received signal and gives rise-tp 
slow random pattern. The above principle of reduction of fading is 
utilised in space diversity reception by using more than one aerial 
system as described in the subsequent section. . *■ _ r ; ft 

The third or periodic type cf variation of signal intensity may 
be attributed to two different causes. One is due to interference 
fr ing es, caused either by single and double reflections from the. same 
layer or by two single reflections from two different layers, when one 
or both the layers have slow vertical movement. The other is' due 
to magnetoionic splitting of the incident wave. at. the ionosphere 
when the electronic density in the ionospheric layer is.decre^lsg^to 
a value corresponding to maximum usable frequency, fgr ’the w£ye 
A 48 - 3-3 
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used for transmission as suggested by Appleton and Beynon (8) . Both 
these types of fading have been observed by us and the records of 
these are shown in the following section. 

3. Experimental Arrangement 

A 5-valve superhet receiver was built without automatic 
volume control system' and was employed for visual observations of 
the received signal intensities. A sensitive and low resistance moving 
coil mirror galvanometer was connected in the diode circuit of the 
second detector of the receiver for observing the fading of received 
signals. Usually the observations were made at interval of 5 seconds 
and the scale deflections could be measured up to 50 cms. 

In order to have a continuous record of the observations an 
automatic recorder was constructed.. The arrangement consisted 
of a 7-valve superhet commercial receiver, the a. v. c. of which was 
made inoperative. The rectified voltage developed across the 
resistance in the diode circuit of the second detector of the receiver 
was amplified by means of a two stage direct coupled amplifier. The 
amplified voltage so obtained was applied to a recording galvano- 
meter which had a writing pen attached to it. The initial plate 
current in the galvanometer was balanced by means of an external 
battery of about 30 volts. The writing pen moved in a vertical plane 
over which 4-inch wide paper for recording was run by a self-governed 
electric motor. The vertical speed of the paper could be varied and 
the deflections of. the recording galvanometer were calibrated for 
field intensities. 

4. Observations 

# Typical records of the three types of fading, mentioned in the 
previous section, are shown in figs. 1-4. For convenience, the descrip- 
tion of the diagrams is summarised in table I below. In order to 
check the conditions for different types of fading patterns, the electro- 
inic densities in F 2 layer at the time of observations, were calcu- 
lated from the ionospheric data supplied by the Research Deptartment 
AH India Radio, Delhi, and they are included in the last column of the 
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table. These, values may be compared with the minimum electronic 
densities required for single and double reflections from the layer for 
the distance between Banaras and Delhi (678.4 km), which were calcula- 
ted and found to be 1.2 x 10 e and 1.9 x 10 6 electrons /cc. respectively. 
For these calculations, thickness of the ionospheric layer and curvature 
of the earth have been taken into consideration. 


Table I. 


Figs. 

Date. - 

Time in 
Hrs.I.S. T. 

Wave band. 

Type of 
fading. 

Remarks. 

1 . 

23-5-46 

1411 

19-metre. 

Random. 

Single reflection 
From F 2 (N = 1.6 x 
10 6 electrons/cc.) 

2. 

7-5-47 

1730 

do. 

Slow Double reflection 

Random. From F z - layer [N = 
2.45 x 10 6 elec./cc] 

3. 

21-4-47 

1755 . 

do. 

Periodic. 

Double reflection 
from F a — layer [N = 
1.93 x 10 6 elec./cc] 

4. 

7-4-48 

0900 

do. 

Smooth 

Periodic. 

Single reflection 
from F 2 -[N=1.5 x 


10 6 elec./cc.] 
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Intensity Variations of Radio Signals 

It will .be observed from Figs. 1 and 4 that under suitable 
conditions single reflections from F 2 — layer may give rise to either 
random or smooth periodic variation of intensity of the signal. Simi- 
larly from Figs. 2 and 3 it will be seen that doubly reflected signals 

from F # — layer will give rise to either slow random or periodic 
variations from the received signals which may be superimposed on 
slow random variations. There is, however, a notable difference in 
the periodic nature of fading between Figs. 3 and 4. The former is 
due to interference fringes caused by vertical movement of the layer 
when the electronic density is fairly high and the latter is caused by 
magneto-ionic splitting of the signal passing through the ionosphere 
with varying electronic density when it approaches the value corres- 
ponding to the maximum usable frequency for the distance between 
the transmitting and receiving stations. Evidently the period on the 
former occasion will be usually .quick compared to that on the latter 
occasion as shown in Figs. 3 and 4 respectively. 

5. Space Diversity Reception, 

If there are two receiving aerials separated by a few wavelengths 
from each other in a horizontal plane, it is possible that they will be 
acted upon by reflections from two spots in the ionosphere and con- 
sequently the variations of intensity in the two aerials will be indepen- 
dent of each other. This principle is made use of in space diversity 
reception, where the outputs from two or more receivers connected to 
aerials which are several wavelengths apart from each other, are 
combined together to obtain a fairly constant strength of the signal 
received. It may be shown that such independent variations of the 
signal intensity can be obtained in two vertically-spaced aerials with 
much, smaller separation than that required for horizontally-spaced 
aerials. . 

In order to verify the above, two vertical aerials were erected at 
different heights and seperated from each other by about one-third 
wavelength and were connected to two superheterodyne receivers of 
equal sensitivities and placed near each other. The receivers were 
connected to the aerials with transmission lines. Arrangement was 
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made to observe the intensity of rectified signals in the two receivers 
as well as their total intensities. The variations of these intensities 
are shown in Fig. 5. The dotted line represents the variations of 
intensity in the lower aerial denoted by G in the diagram, the dash- 
doted line shows the variations in the upper aerial denoted by E, and 
the continuous line shows the resultant intensity T obtained experi- 
mentally as described above. It will be observed that though there are 
large variations in the two aerials, G and E, their phases are 
generally opposite to each other and as such the total intensity 
remains nearly constant. 



TIME - M/A/. 

Fig. 5 

In order to compare similar variations of intensities in the 
horizonatally spaced aerials, observations were taken with one addi- 
tional aerial installed at the same level as the upper aerial and 
situated nearly at the same distance from this, as the lower aerial. This 
has been shown in Fig. 6, where the dash-dotted and continuous 
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T/fY!£ - MIN. 

Fig. 6 

curves represent the variations of intensity in the lower and upper 
aerials respectively denoted by C and A in the diagram, and the dotted 
curve shows the variations in the horizontally spaced aerial denoted 
byi?. It will be observed from this figure that the variations of 
intensities in the horizontally spaced aerials A and B are practically in 
phase with each other, whereas the variations in the vertically spaced 
aerials A and C, are generally out of phase. Thus the resultant out- 
put from the two vertically spaced aerials will be fairly constant as 
compared to the combined output from the horizontally spaced aerials. 

6. Summary and Conclusions. 

Various types of fading of shortwave radio-signals have been 
observed and they have been divided into three main categories, 
namely (1) random, (2) slow random, and (3) periodic. Visual and 
automatic records of the above observations have been made and the 
various types cf fading have been explained by assuming random 
scattering of radio waves from the ionosphere. The first and the 
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second type of fading have been attributed respectively to single-spot 
or double and multiple-spot reflections of radio waves from the ionos- 
phere. The third or periodic type of fading has been-found to be due 
to interference fringes caused by either two waves reflected from one 
or two layers when they possess slow vertical movement or by magneto- 
ionic split waves, when the electronic density in the ionosphere reaches 
the value corresponding to the maximum usable frequency for the 
distance between the transmitter and receiver. Both the above perio- 
dic types of fading have been recorded and the conditions of their 
formation have been verified by the ionospheric data obtained at the 
time of observations of the fading patterns. Utility of these obser- 
vations in space-diversity .reception has deen indicated. A part of 
this paper was read and discussed in the Indian Science Congress held 
in Delhi, in January 1947. 

In conclusion, the author has great pleasure in recording his thanks 
to the Research Deparment, All India Radio, Delhi, for supplying the 
ionospheric data and to Dr. S. S. Banarjee for his guidance, criticis- 
ms and suggestions during the course of the present investigations. 
His thanks are also due to Prof. G. C. Mukerjee and principal 
M. M. Sengupta for their helpful interest in the work. 

Section of Communication 
Engineering & Applied Physics 

Banaras Hindu University, 

Banaras. • 

7. 8. 48 
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Abstract 

The adsorption of the cations sodium and copper, and that of the anions, 
chloride, oxalate and ferrocyanide by hydrated ferric oxide has been studied 
quantitatively. It has been observed that the adsorption of the cations is 
enhanced when the medium is alkaline, whereas the adsorption is minim um in an 
acidic medium. On the other hand, the adsorption of anions is pronounced in 
acidic medium, and the adsortion decreases with the fall in hydrogen ion con- 
centration of the medium. The results have been discussed and the mechanism has 
been explained on the basis of proton donating or proton accepting capacity of the 
hydroxide under different conditions. 

In Part I of the series 1 we have described our results on the 
precipitation of hydrated ferric oxide under different conditions of 
temperature and with varying concentrations of the reactants, ferric 
chloride and sodium hydroxide solutions. It was observed that the 
precipitation of hydrated ferric oxide is complete when the amount 
of sodium hydroxide is about 7 per cent less than the theoretical 
amount needed. A similar phenomenon has been recorded by Britton^ 
in the case of several hydroxides, where he observes that in all die 
cases of the metal hydroxides investigated, a lesser quantity of hyd- 
roxyl ions are able to bring about the separation of metals as insoluble 
hydrated oxides. In the case of cupric hydroxide the amount of 
, A48— 3-4 
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alkali required to precipitate copper as hydroxide is about 10 per 
cent less than the theoretical quantity as reported in an earlier com- 
munication 3 . This phenomenon has been explained by us on. the basis 
of hydrolytic adsorption of the acid radical, resulting in the libera- 
tion of an equivalent quantity of hydroxyl ions, which cause the pre- 
cipitation of the hydrated oxide. 

In the course of our studies on the adsorption by amphoteric 
oxides, like stannic hydroxide, as we have observed in an earlier 
paper 4 , the amount of adsorption of ions by- an amphoteric oxide is 
intimately connected with the hydrogen ion concentration of the 
medium in which the hydrated oxide is suspended. Thus, in the case 
of hydrated stannic oxide, in the presence of minute quantities of 
alkali, the adsorption oi basic groups like silver ions or the dye me- 
thylene blue was pronounced, while in the presence of an acid, the 
adsorption offerrocyanide or that of the dye Orange II was prominent. 

Since ferric oxide, by virtue of its being able to form ferrites, 
is ol an amphoteric nature, we have in this paper studied quantita- 
tively the adsorption of the basic ions — sodium and copper — and that 
of acid ions— chloride, ferrocyanide and oxalate— in acidic, neutral 
and alkaline media. 

Experimental 

Hydrated ferric oxide was prepared by the interaction of equiv- 
alent amounts of ferric chloride and sodium hydroxide in aqueous 
solutions, The reagents were tested for their purity and the sodium 
hydroxide solution was free from carbonate. The solution of ferric 
ch onde employed was estimated both- for iron and chlorine and was 
lound to contain these ions in equivalent quantities. For making the 
solutions, water free from carbon dioxide was used.. The precipitate 
of feme hydroxide was washed free from a majority of chlorine 
ions and finally dialysed till chloride ions were completely removed. 
The precipitate of the hydrated oxide was then shaken with water 
m a Jena bottle till a homogeneous suspension was obtained. For 
all adsorption experiments the freshly prepared suspension offerric 
hydroxide containing 0.1358 gram of Fe 2 0 3 per 25 c. c. was employed. 
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For determining the amount of a particular ion adsorbed by 
the oxide, 25 c. c. of the suspension was taken in several 100 c. c. 

graduated flasks, and measured quantities of the solutions of electro- 
lytes were added. The medium was made acidic oi alkaline by 
adding 1 c. c. of M 100 solutions of either sulphuric acid or sodium 
hydroxide before raising the volume of the mixture to 100 c. c. The 
heterogeneous mixture was well shaken and kept immersed in a thei- 
mostat at 30" for half an hour. When the hydrated oxide had 
settled, a measured volume of the clear supernatant liquid was pipet- 
ted out and the ion available in the solution determined. Knowing 
the total amount of the ion present in 100 c. c. of the mixture, 
the amount of ion associated with the precipitate was found by differ- 
ence. In the tables below, the ions adsorbed by 0. 3158 gram of 
ferric oxide are expressed in milligram ions in a total volume of 100 
c. c. of the mixture. 

Adsorption of Sodium ions from sodium chloride solution 
Sodium in the supernatant liquid was determined by evaporating 
a measured volume of the liquid to dryness with a drop of hydro- 
chloric acid, heating the residue to constant weight and finally weigh- 
ing as sodium chloride. The results are given in the following table. 

Table i 


Initial 

Concen- 

tration 

Acidic Medium 

Neutral Medium 

Alkaline Medium 

Final 

Concen 

tration 

! 

Adsorp- 

tion 

Final 

Concen- 

tration 

Adsorp- 

tion 

Final 

Concen- 

tration 

Adsorp- 

tion 

20.00 

19.56 

0.44 

19.26 

! 

0.74 

19.14 

0.81 

15.00 

14.82 

0.18 

14.34 

0.66 

14.23 

0.77 

10.00 

9.96 

0.04 

9.43 

0.57 

9 33 

‘ 0.67 

5.00 

5.00 

— 

4.56 

0.44 

4.47 

0.53 
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Adsorption of cupric ions from cupric sulphate solution 
Copper was estimated in a measured volume of the supernatant 
liquid by the iodometric method. Since in an alkaline medium there 
are chances of the removal of copper as hydroxide, the adsorption 
was measured in acidic and neutral media only. In Table II the 
experimental residts are presented. 

Table ii 



Acidic Medium j 

Neutral Medium 

Initial 

Concen- 

tration 

Final 

Concen- 

tration 

Adsorption 

Final 

Concen- 

tration 

Adsorption 

10.00 

38.05 

1.95 

38.05 

1.95 

p 

o 

o 

28.35 

: 

1.65 

28.35 

1.65 

20.00 

18.65 

1.35 

18.65 

1.35 

10.00 

: 8.95 

1.05 

8.95 

1.05 


Adsorption of chlorine ions from sodium chloride solution 
In a measured volume of the supernatant liquid, chloride was 
estimated by titration using standard potassium thiocyanate 
solution, and ferric alum as indicator. The adsorption of chlorine 
ions under different conditions are recorded below : — - 

Table m 


Acidic Medium Neutral Medium ] Alkaline Medium 


Initial 

Concen- 

tration 

1 

j. Final 


Final 


i - . 

Final 


I Concen- 
tration 

Adsorption 1 Concen- 
tration 

Adsorption 

Concen- 

tration 

Adsorption 

20.00 

19.37 

0.63 

19.38 

0.62 i 

f ■ | 

19.43 | 

0.57 

15.00 

: 14.56 

0.44 

14.56 

0.44 ! 

14.60 ! 

0.40 

10.00 

9.75 

0.25 , 

9.76 

0.25 i 

9.80 ; 

0.20 

5.00 

! 4.89 

0.11 : 

4.90 

0.10 1 

5.00 : 

. — 
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Adsorption of ferrocyanide ions frdmi potasithn ferrocyanide solution 
Ferrocyanide was estimated by titration against standard pot- 
assium permanganate solution. The change of colour from green to 
golden yellow marked the end point of the titration. The adsorption 
of ferrocyanide ions are shown in Table IV. 


Table IV 



Acidic Medium 

Neutral Medium 

Alkaline Medium 

Initial 

Concen- 

tration 

Final Final 

Concen Adsorption Concen- 
tration tration 

Adsorption 

Final j 
Concen- 1 
tration 

! 

! 

Adsorption 

43.6 

42.0 

1.6 

42.0 

1.6 

42.5 

| 1.1 

32.7 

31.5 

1.2 

31.5 

1.2 

! 32.0 

017 

. 

21.8 

| 

21.0 

0.8 

21.0 

0.8 

21.5 

0.3 

10.9 

! 10.5 

0.4 

! 10.5 

0.4 

10.9 

; 

1 ~~ 


Adsorption of oxalate ions from potassium oxalate solution 


Oxalate in the supernatant liquid was determined by titration 
against standard potassium permanganate solution. The amounts of 
oxalate ions adsorbed are presented in the following table. 

Table V 



Acidic Medium 

Neutral Medium 

Alkaline Medium 

Initial 

Concen- 

tration 

Final 

Concen- 

tration 

Adsorption 

j 

Final ! 

Concen- Adsorption 
tration 

Final 

Concen- 

tration 

Adsorption 

80.0 

77.5 

2.5 

■ 

78.0 

2.0 

78.5 

1.5 

60.0 

58.0 

1 

2.0 

58.5 

1.5 

59.0 

1.0 

40.0 

38.5 1 

1.5 ; 

39.0 

1.0 

39.5 

0.5 

20.0 

19.0 

1.0 | 

19.5 

0.5 

20.0 

— ■ 
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Discussion 

On a perusal of the experimental results presented in tables I to 
V, it is evident that the extent of adsorption of various ions investigated 
here, lie in the following order when the adsorption measurements are 
carried out in an acidic medium : 

Gu ++ > C 2 0"> Fe (CN) 0 > Cl" > Na + 

The order changes in a neutral medium to the following; 

Cu ++ > Fe (GN)e > Na + > Cl" > C 2 0 4 “" 

When the medium was made alkaline the order totally changed to : 

Na + > Cl" > Fe (CN) 0 ~~“> C 2 (Xf ' 

It may be noted that the change of media from acidic to alkaline 
totally reverses the order in which the metallic or acidic ions are ad- 
sorbed. In an acidic medium, the adsorption of sodium was only 0.44 
mgm ions when the initial concentration was 20.00 mgm ions, where- 
as in an alkaline medium the adsorption increased to 0.86 mgm ions. 
On the other hand, the acid radicals are preferentially adsorbed in an 
acidic medium as found from tables III to V. 

In part I of the series, we suggested the following scheme to 
account for the chemical behaviour of ferric hydroxide: 


Fe (OH), = Fe (OH), + + OH" (i) 

2Fe (OH)+ = Fe 2 0 3 + 2H + + H 2 0 (ii) 

H + + OH' = HoO • (iil) 


In equation (i) the precipitated ferric hydroxide liberates OH“ 
ions and is, therefore, capable of behaving as a proton acceptor and 
accounts for the basic nature of ferric hydroxide. Thus, if an excess 
of hydrogen ions is maintained in the system, the reaction will proceed 
from left to right and the basic character of the oxide will be more 
pronounced. Under these circumstances, acid groups like chloride, 
ferrocyanide and oxalate will naturally be preferentially adsorbed . 

Equation (ii) illustrates the acidic behaviour as shown by the 
liberation of a proton by Fe (OH) a . In this case the acid properties 
of the oxide are prominent, since it behaves as a proton donator. This 
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is substantiated by the observation that sodium ions are preferentially 
adsorbed in an alkaline medium, and that the adsorption of sodium 
dinvn'sbes as the acidity of the medium increases. 

Therefore, it is evident that since the acid or basic properties, of 
an oxide is dependent on its p oton donating or proton accepting 
capacity, which may be regulated by the hydrogen ion concentration 
of the medium, the adsorption of cations or anions would naturally 
vary with the conditions of hydrogen ions of the medium in which the 
hydrated oxide is suspended. 

Further work in this direction, it is hoped, will be able to sub- 
stantiate the view developed in the present series of papers on hydro- 
xides. 
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